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Abstract 
Bone mineral density studies are frequently undertaken in both human bioarchaeology and 
zooarchaeology in order to investigate taphonomic processes, health and disease in past 
populations.  In this short study, seventy-two non-adult skeletons from the assemblages of Edix Hill, 
Cambridge, UK (n=15) and St Oswald’s Priory, Gloucester, UK (n=57) were studied to develop a 
method of measurement using photodensitometry and to determine the density of the femur and 
radius and assess which bone portions (i.e proximal, mid-shaft, distal) had the highest density 
values, which may influence the overall preservation of the skeletal remains and or elements 
belonging to children. Overall, in this study using this method there appeared to be a continual 
increase and decrease in bone density at the three areas (proximal, mid-shaft, and distal) of both 
the femur and radius during early and mid childhood. It would also appear that the density at the 
mid-shaft of the long bones varies immensely, thus perhaps suggesting that a low bone density 
reading does not have a profound effect on the survival of this portion of bone. 
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Introduction 
The study of bone mineral density (BMD) is frequently undertaken in bioarchaeology as bone 
density is a mediating factor in taphonomic studies (1, 2) of both human (3,4) and animal remains 
(5-12). It has long been recognised that certain parts of a skeleton preserve better than others, 
whether that skeleton be human or non-human, this is especially true of non-human bone where 
many studies have confirmed the relationship between taphonomy and bone density (5-12). The 
relative survival of certain bone elements and even certain parts of a given element preserve better 
than other parts of the same element, this is due to the differences in bone density. Bone density of 
specific portions of long bones was studied on the Crow Creek skeletal assemblages, where Willey 
and colleagues (4) found that the radius, ulna, tibia and femur were among the bone portions with 
the highest density.  A study on human skeletal elements from Tierra del Fuego in Argentina, Suby 
and colleagues (1) found that the shafts of the long bones had the highest densities using dual-
energy x-ray absorptiometry (DEXA) and quantitative computed tomography (QCT). More recently, 
Kendell and Wiley included the skeletal data of non-adults to investigate the relationship between 
BMD and element representation. It was noted that for both adults and non-adults the greatest 
element representation observed was the proximal femur, distal femur and proximal tibia (13). 
In order to assess BMD in children, several techniques have been employed in archaeology: such 
as dual-energy absorptionmetry (DEXA), computed tomography (QCT), quantitative ultrasound 
(QUS) and radiography (14).  Several clinical studies have used dual-energy x-ray absorptionmetry 
(DEXA) to measure normal values of BMD and BMC in children of different ages (15-18). These 
techniques can be used to some extent in comparing archaeological samples.  Other researchers 
have used digital photodensitometry to measure bone density in animals (19) and child remains 
(20). In addition, energy dispersive low angle x-ray scattering techniques have been employed to 
measure BMD in archaeological bone (21). Porosimetry techniques may also be used to measure 
the total volume and shape of pore spaces within the bone, as bone density is the macroscopic 
expression of porosity (22). When considering techniques, it must be remembered that any non-
invasive density determination technique that is applied to archaeological bone, whether adult or 
non-adult, which does not examine the mineral make-up of the sample analysed may produce 
errors. Bones which appear to be well preserved on the outside may have undergone considerable 
change internally and microscopically (21, 23). 
The purpose of this short study is twofold; firstly, to outline the method used in the examination of 
bone density in the femur and radius of non-adult skeletons from England and secondly, to 
determine which bones and/or bone portions had the highest density values, which may influence 
the overall preservation of the skeletal remains of children. 
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Materials and Methods 
Site information  
A total of seventy-two child skeletons were studied from two archaeological sites, namely; Edix Hill 
in Cambridgeshire, UK and St Oswald’s Priory in Gloucester, UK. Edix Hill (also known as Kdricks 
Hill and Edics Hill Hole) is situated on the western edge of Barrington parish and close to the Village 
of Orwell 15km north of Great Chesterford. These parishes lay 12km south-west of Cambridge, 
within the Cam Valley, which is part of the south Cambridgeshire district and situated between East 
Anglia and the Midlands. The Edix Hill cemetery was first documented in 1860 following the 
discovery of a sword burial in 1840, and other bones in subsequent years, culminating in skeletons 
and artefacts being recovered in 1860. In the following years, numerous graves were excavated. 
Much activity at Edix Hill had been reported during the 19th century, and in 1987 and 1988 finds 
were reported to the County Archaeology office. These finds demonstrate the exact location of the 
cemetery had been found again. Further excavations were carried out over three summers of 1989-
1991 (24). The total number of individuals recovered was 148, forty-six (31%) of which were non-
adults, fifteen (32%) skeletons were suitable for study here.  
The site of St Oswald’s Priory lies in the fertile valley of the River Severn and to the east is the 
scarp slope of the Cotswold Hills. The site of St Oswald’s has been used as a burial ground since 
the Roman period.  Both churches appeared to be dedicated to St Peter in the late Anglo-Saxon 
period, whereas in the pre-Conquest period they were known as the Old Minster and the New 
Minster, respectively. This later became known as the abbey church of St Peter and the later Priory 
church of St Oswald’s (25).  A total of 487 skeletons were recovered. One hundred and twenty eight 
(26%) of which were non-adults. Fifty-six (34%) skeletons were suitable for this present study. 
 
Age-at-death 
In the present study age-at-death was determined using the standards developed by Moorrees and 
colleagues (26-27) for the development and resorption of the deciduous dentition, and the 
development of the permanent teeth.   In cases where no teeth were present, the long bone lengths 
(28) and skeletal development and maturation (29) were employed.  The foetal remains were aged 
using long bone lengths (30) and the occipital bone where the length and width of the pars basilaris 
was calculated for age estimation (31).  Individuals were estimated to be over 17 years if the root of 
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Photodensitometry is based on the radiodensity of the human bone through the examination of a 
radiograph (x-ray) of each bone. Radiodense material appears in a radiograph as a comparatively 
light grey image. Radiolucent material appears as a darker grey image.  The radiodensity of a bone 
can be described as being the product of a combination of its size and density. An increase in the 
density of bone will produce a light image. This method requires you to quantify how light or dark 
images are and each bone to be measured and accounted for, so that differences in the grey level 
of the radiographic images can be attributed to variation in bone density (19). 
Firstly, bone thickness was calculated by taking three measurements at the proximal, mid-shaft and 
distal parts of both the femur and radius of each skeleton using digital calipers which were then 
averaged. This was considered to be a more cost and time effective way of calculating bone 
thickness, rather than repeated radiographs. For each bone that was measured, one radiograph 
was taken. This image was also used for the radiodensity measurement. The density measurement 
was then divided by the bone thickness measurement of each of the scan site locations, in order to 
calculate a more accurate bone density value. The scan sites of each bone were marked by 
attaching a small piece of lead before radiography was applied. This enables the scan sites to be 
standardized and also allowed the radiodensity and bone thickness to be measured at the same 
position each time.  
Any bones with signs of disease, trauma or soil infiltration were excluded which limited the numbers 
of bones available for study. All radiographs were taken using the Hewlett Packard faxitron machine 
using AGFA structure D4 FW industrial x-ray film. The remains were exposed at 55kv for the 
smaller bones and 70kv for the larger bones. Exposure time was 55 seconds for all bones. All 
bones were exposed alongside an eleven step aluminium wedge (Figure 1).  The radiographs were 
developed in deep trays under red safe light at 20°. Each radiograph was developed for three 
minutes, whilst developing, the films were agitated throughout. Developing was stopped by 
immersing film in stop solution and then they were placed in fixing solution for three to four minutes. 
Finally each film was washed for ten minutes before drying. The developed radiographs were then 
photographed on a light box and digital images were then saved (32).  Then bone density of each 
bone was then calculated using image J software. Each pixel of the greyscale images was assigned 
a value of between 0 and 255 which relate to the greyscale of that particular pixel, (i.e 0 is white and 
255 is black). The greyscale of any part of a radiograph relates to its radiodensity, for example a low 
(light) greyscale indicates a high radiodensity, whereas, a high (dark) greyscale indicates a low 
radiodensity (19). Therefore, the software allowed the calculation of the average radiodensity of 
each radiograph.  Each image (radiograph) was standardised by measuring the greyscales of each 
step of the step wedge. This produced 11 measurements for each image, each of which could be 
assigned a known density (thickness of aluminium). Each measurement was taken by highlighting 
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an area in at the proximal, mid-shaft and distal areas of each bone, using the selection tool and 
selecting ‘measure’ from the ‘analysis’ menu. The values returned were the average pixels of that 
particular scan site. 
 
 
Results and discussion 
Firstly, the bone mineral density (grams per cm²) was measured at the proximal, mid-shaft and 
distal portions of the femur and radius for both St Oswald’s Priory and Edix Hill (Table 1). There 
appears to be an increase in bone density in those aged less than one year at the proximal, mid-
shaft and distal portions of each of the long bones. At St Oswald’s Priory there was a drop in bone 
density at the proximal portion of each of the bones at one year of age, but an increase in the 
density of the mid-shaft and distal potions. This may be due to the amount of trabecular bone at the 
proximal portion compared to the mid-shaft and distal portions.  At St Oswald’s Priory, those aged 
at less than one year of age did appear to show an increase in BMD in the femur and radius. Also 
there was a decrease in density at one year of age and then a subsequent drop at around 2 years 
of age, thus following that reported by Guy et al. (33). However, in this study using this method 
there appeared to be a continual increase and decrease in bone density at the three areas during 
early and mid childhood. It would also appear that the density at the mid-shaft of the long bones 
varies immensely, thus perhaps suggesting that a low bone density reading does not have a 
profound effect on the survival of this portion of bone.  
The mean bone density was calculated for the proximal femur and radius and divided into the three 
age categories, as both the femur and the radius are frequently reported in the literature has having 
increased density and therefore, more frequently observed in skeletal assemblages.  At both sites 
there is a large decease in bone density in both the femur and radius from infancy to mid-childhood 
(Tables 2 and 3), with an increase in later childhood (9-15 years).  
The BMD of non-adult skeletal remains has rarely been studied with taphonomic purposes (1); this 
may be due to the difficulty in use of and reliability of methods. The bone mineral density of a child’s 
skeleton tends to be regarded as less dense than those of adults with the bones of children having 
a high organic and low mineral content which may make them more susceptible to decay (34). Also 
the study of bone density in ancient remains can offer insights into the health and wellbeing of past 
populations. Human bone is subjected to many processes after death which may affect overall bone 
preservation. This short study demonstrates the use of photodensitonmetry as a quick and easy 
method to estimate bone density in the bones of children, which appears to show that the density of 
both the femur and radius increases with age which is comparable with other studies.  
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Proximal    Mid-shaft    Distal 
0.493           0.672            0.698 
0.437           0.430            0.636 
0.496           0.544            0.596 
0.364           0.374            0.606 
0.406           0.677            0.407 
0.414           0.461            0.490 
0.348           0.318            0.387 
0.5               0.552            0.710 
0.334           0.261            0.329   
0.233           0.191            0.245 
-                   -                    - 
0.645           1.044             - 
0.579           0.391            0.593    
 
Proximal   Mid-shaft   Distal 
1.009          0.993           0.925 
0.793          0.867           0.679 
-                  -                   - 
0.707          0.575           0.685 
0.834          1.027           0.93  
0.749          0.777           0.649 
0.52            0.491           0.543 
0.708          0.698           0.719   
0.627          0.62             0.752   
-                  -                   - 
-                  -                   - 
1.271          0.983           0.864 
0.883          0.719           0.917 
 
Proximal    Mid-shaft    Distal 
-                   -                   - 
0.383           0.402            0.462 
0.501           0.467            0.496 
0.438           0.449            0.462 
0.274           0.241            0.374 
0.301           0.324            0.458 
0.384           0.325            0.506 
-                    -                   - 
0.277           0.342            0.408 
Proximal   Mid-shaft   Distal 
0.794           0.725          0.984 
0.614           0.618          0.725 
0.919           0.804          0.702 
0.781           0.922          0.588 
0.614           0.575          0.487 
0.6               0.399          0.622 
0.78             0.606          0.586 
- 
0.672           0.566          0.568 
     
 
 
Table 1 Mean BMD (g/cm²) and age at the proximal, mid-shaft and distal portion of the femur and 
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Figure 1 Aluminum Step-wedge 
 
 
